Abstract: Few studies have examined the effect of long-term application of feedlot manure on ground elevation, Ah horizon depth, and color of surface soil. The objective of this study was to examine the effect of manure type (stockpiled vs. composted feedlot manure), bedding (straw vs. wood chips), and application rate (13, 39, and 77 Mg ha −1 dry wt.) on these soil properties after 17 annual applications. There was also one inorganic (IN) fertilizer treatment and an unamended control. Elevations were measured using a total station, and the Munsell value and chroma measured on field soil and on fine-ground (<150 μm) soil using color charts. Manure type and bedding had no significant (P > 0.05) effect on relative elevation and Ah depth, but relative elevation and Ah depth increased with greater application rates (10.7 cm increase in relative elevation at 77 Mg ha −1 ). The Munsell color value was significantly lower or darker for amended than unamended soils and shifted the Chernozemic soil Great Group classification for some treatments from Dark Brown to Black. Overall, greater rates of feedlot manure increased the relative elevation and Ah depth of amended soils and made the surface soil darker, but manure type and bedding had no effect.
Introduction
Long-term application of feedlot manure to cropland may increase the elevation of the ground surface (Chang et al. 2007 ). In addition, the depth of Ah horizon may also increase, as this horizon is enriched with organic matter (Soil Classification Working Group 1998) . The increases in elevation and Ah depth may affect surface hydrology and runoff, soil sampling by depth vs. mass, change the soil profile and its classification, and have practical implications for soil fertility, plantavailable water, and crop growth. However, we are not aware of any research that has studied the effect of manure type (stockpiled vs. composted feedlot manure), bedding (straw vs. wood chips), or application rate on the ground surface elevation and depth of Ah horizon.
The surface elevation of soils may increase because of increased deposition of material (e.g., soil transport and organic amendments) on the soil surface, or because of a lower soil bulk density, if organic amendments are incorporated into the soil or tillage loosens the soil (Meijer et al. 2013 ). Long-term application of organic amendments to soils adds considerable organic C and generally decreases the soil bulk density, and a positive linear relationship between soil bulk density and organic C from amendment applications has been reported (Khaleel et al. 1981) . Soil bulk density decreases due to a dilution effect resulting from the mixing of the less dense organic matter with the denser mineral fraction of the soil (Khaleel et al. 1981) . Soils with lower bulk densities occupy greater volumes and may have higher surface elevation compared with similar soils with higher bulk densities (Meijer et al. 2013) . Changes in soil volume are proportional to surface elevation changes because volume change can only occur in the vertical direction (Fraser et al. 2010) , and therefore, this may increase the depth of the Ah horizon.
The greater total C content of stockpiled manure (SM) compared with composted feedlot manure (CM) (Larney et al. 2006 (Larney et al. , 2008 suggests that the ground elevation and Ah depth may be greater for SM-than CM-amended soils. The greater total C content of wood chip-(WD) than straw (ST)-bedded feedlot manure (Larney et al. 2008) also suggests that the ground elevation and Ah depth may be greater for WD-than ST-amended soils. In a study at Lethbridge, AB (adjacent to our field experiment), Chang et al. (2007) reported that annual applications of fresh feedlot manure (unbedded) to cropland at 180 Mg ha −1 for 32 yr increased the surface elevation by 24 cm compared with unamended soil. However, they did not examine the effect of application rate on ground elevation and Ah depth. We hypothesize that greater application rates should increase the ground elevation and depth of the Ah horizon. Soil color originates mainly from organic matter, iron mineralogy, and moisture content (Moritsuka et al. 2014 ). Dark color is a reasonable indicator of soil carbon (NRCS 2009) , and a negative relationship exists between the Munsell color value and soil organic matter content (Fernandez et al. 1988; Schulze et al. 1993; Zelenak 1995; Lindbo et al. 1998; Wills et al. 2007; Moritsuka et al. 2014) . Munsell Soil Color Charts (Munsell Color Co., Ltd. 1954) have been used to study the effect of agricultural management practices such as grazing on soil color (Johnston et al. 1971; Smoliak et al. 1972; Dormaar and Willms 1998) or to study soil processes such as gleying (Miller et al. 1989; Dobos et al. 1990 ). However, the Munsell value and chroma were not measured on treatment replicates in the grazing studies, and statistical analysis was not conducted despite the numeric color data. Increasing soil carbon should darken the soil's color and decrease its albedo, potentially leading to warmer spring temperatures (NRCS 2009) . Warmer soils in the spring may enhance early crop growth and mineralization of nutrients such as N and P. For example, N mineralization and nitrification are increased by higher soil temperatures (Havlin et al. 1999) . Increased soil carbon from organic amendment application may also result in greater plant-available water (Khaleel et al. 1981) .
Soil color (Munsell value and chroma) as determined in the field using the Munsell Soil Color Charts is used to define Great Groups (Brown, Dark Brown, Black, and Dark Gray) of Chernozemic soils in the Canadian System of Soil Classification (Soil Classification Working Group 1998). For example, Dark Brown Chernozems have the Munsell values (dry) between 3.5 and 4.5 and chromas usually >1.5, whereas Black Chernozems have the Munsell values ≤3.5 and chromas usually ≤1.5. Therefore, progressively darker Chernozemic soils that contain more organic matter generally have lower Munsell values and lower chromas (i.e., increasing grayness). The major soil zones in Alberta are also based on surface soil colors (Brown, Dark Brown, Black, and Gray Wooded) . Recommended application rates of inorganic (IN) fertilizer in Alberta are based on geographic location within these major soil zones (Alberta Agriculture and Rural Development 2004) , so there are fertility implications to changes in soil classification. In addition, soil guidelines (NO 3 -N) of maximum allowable manure application also vary depending upon soil zone (Province of Alberta 2014).
Although it is well known that long-term manure application may make surface soils darker, we are not aware of any studies that have quantified the effect of long-term feedlot manure application on the color of surface soil. In addition, we are unaware of any studies that have examined the effect of manure type, bedding material, and application rate on soil color. The greater total C content of SM compared with CM amendment (Larney et al. 2006 (Larney et al. , 2008 and greater C content of WDthan ST-bedded manure (Larney et al. 2008) suggest that the Munsell value and chroma should be lower for SMthan CM-amended soils as well as for WD-amended soil compared with ST-amended soil. Because more total C is added to the soil with higher application rates of feedlot manure, we would also expect that the Munsell value and chroma would decrease with the increasing rates.
The objective of our study was to determine the effect of manure type, bedding, and application rate of feedlot amendments on ground elevation, Ah depth, and surface soil color after long-term (17 yr) manure application. The elevation and Ah depth hypotheses were that relative elevation should be greater for SM than CM, for WD-than ST-bedded manure, and both should increase with greater application rate. The hypotheses of soil color were defined that amended soil surface should have lower Munsell values and chromas (i.e., darker colors) than unamended soil, SM than CM, WD than ST, and be lower with higher application rates.
Materials and Methods

Study design
A randomized complete block (RCB) field experiment (factorial design) was initiated in the fall of 1998 on a clay loam Dark Brown Chernozemic soil at the Lethbridge Research Centre in southern Alberta, Canada. A detailed description of the site and experimental design has been reported previously (Miller et al. 2005) . The treatment factors were two manure types (stockpiled vs. composted manures), two bedding materials (straw vs. wood chips), and three application rates (13, 39, and 77 Mg ha −1 ). In addition, there was an unfertilized control (CON) and an IN fertilizer treatment (100 kg N ha −1 , 17 kg P ha −1 ).
The abbreviations used to refer to the amendment treatments in this study follow the format of manure typebedding-rate (e.g., CM-ST-13). The two manure types were stockpiled (SM) and composted (CM) beef feedlot manure. Fresh feedlot manure was stockpiled for up to 2 mo before land application (SM), and some previous studies on this experiment have referred to the SM as fresh manure (FM). Feedlot manure was composted by the windrow method (Larney et al. 2003) and recommended practices by Rynk (1992) . The windrows were turned about seven times during a 90 d period (active phase) and then entered a curing phase (no turning) for 90-120 d until compost temperatures approached ambient.
The two bedding materials were barley straw (ST) and wood chips (WD). The ST bedding was unchopped barley straw sourced from local producers. The WD bedding was a mixture of 50% wood chips, bark, and postpeelings, and 50% fine sawdust. The trees for WD were a 4:1 mixture of lodgepole pine (Pinus contorta 'latifolia Engelm.') and white spruce (Picea glauca [Moench] 'Voss'). The organic amendments applied to cropland were a 4:1 ratio of manure to bedding material (Larney et al. 2008 ).
The application rates of 13-77 Mg ha −1 (dry wt.) in our study were chosen to be high enough to obtain treatment responses on soil and crop and were consistent with actual rates used by commercial feedlots. Our rates were lower than the application rates used at an adjacent long-term (since 1973) manured experiment (Chang et al. 1991 ) but higher than application rates based on N or P used for irrigated cereal silage plots in southern Alberta (Olson et al. 2010) . Organic amendments were annually applied in the fall (late October to late November) and incorporated to a depth of approximately 20 cm using an offset disk cultivator. Irrigated six-row feed barley (Hordeum vulgare L.) has been grown on all plots each year since 1999. The crop was seeded in May and harvested in August at the silage or soft-dough stage.
Topographic survey and depth of Ah horizon Surface elevation was measured at three locations within each of the 54 treatment plots after harvest in 2015 (after 17 yr of continuous annual applications of amendments). The actual survey of each location was done with a Nikon DTM-522 (Digital Terrain Model) total station. Elevation readings were taken in the infrared mode with the signal being reflected from a survey prism mounted on a 1.5 m survey pole. The pole was placed on a 5 cm × 20 cm flat piece of wood to average out the soil surface in the location of the shot and to make sure that the tip of the pole did not sink into the ground. The wood platform depth and pole height were taken into account when determining target height.
The control points used for the total station survey were located with GPS using a Trimble Real-Time Kinematic (RTK) system with an R9 GNSS Base and an R8 GNSS (Global Navigation Satellite Systems) Rover. The real-world coordinates (North American Datum or NAD83 3TM) were based on survey control monuments in the area: Alberta Survey Control Marker (ASCM) 103457 (Control Point 1), ASCM 59295 (Control Point 2), and Control Station #105 (Research Centre Control Point). Elevations were transferred from Control Station #105 to Control Points 1 and 2 using an optical level and survey rod. The Sokkisha C3 level has a distancedependent accuracy of ±2 mm over 50 m. The accuracy of the GPS measurements based on imported control points was ±30 mm for latitude and longitude and ±10 mm for elevation measurements. Relative elevation of each amended treatment plot was determined by subtracting the elevation of unamended CON and IN treatments from the elevation of amended treatment for each replicate or block. Similar to Chang et al. (2007) , this method assumes that the surface elevations of the unamended CON plots measured in 2015 would provide reasonable estimates of the surface elevations of the amended plots prior to the first application in the fall of 1998 (i.e., pre-treatment). We also assumed that wind erosion and soil compaction had a low potential to decrease the surface elevation over time. The wind erosion risk was negligible on these plots because of short (6 m) plot widths that were perpendicular to prevailing wind direction with fetch (horizontal distance of erodible surface) distance that was likely too short to initiate wind erosion. In addition, crop stubble was retained on the soil surface after harvest, tillage was minimal, and surface soil clods (roughness) were maintained, which would have also reduced the risk of wind erosion. We also assumed that soil compaction was minimal because application of organic amendments generally reduces compaction, and there was minimal traffic on the plots.
Prior to spring tillage, the depths of the Ah horizons were measured on 21-22 Apr. 2016 (after 17 yr of continuous applications and 1 yr of discontinued application) at one location in the center of each plot using a Giddings truck-mounted probe and the depth of organic matter accumulation (i.e., black color) visually estimated by the same person. The sampling locations for Ah depth were not at same locations as for elevation. We assumed that the depth (and color) of the Ah horizon was uniform for all plots prior to the amendments being first applied.
Soil bulk density, total carbon applied, and total carbon in soil Soil bulk density was determined from undisturbed soil cores (3 cm length × 5.5 cm I.D.) using the method of Hao et al. (2008) . The cores were collected from the 0-15 cm depth in the fall of 2014 (after 16 yr of continuous applications of amendments) after harvest but before amendment application. The total C (organic + IN C) content of the amendments applied from 1998 to 2014 (after 16 yr of continuous applications of amendments) was determined on fine-ground (<150 μm) samples using the Dumas automated combustion technique (Nelson and Sommers 1996) using a CNS analyzer (Carlo Erba, Milan, Italy). Organic C comprises the majority (78%-90%) of the total C in these feedlot amendments (J.J. Miller, unpublished) . The annual total C applied was determined as the product of annual application rate (Mg ha −1 ) and total C concentration (%). The cumulative total C applied was then summed from 1998 to 2014. The total C in the surface (0-15 cm) soil was determined on soil samples taken in the fall of 2015 (after 17 yr of continuous applications of amendments) and total C determined on fine-ground samples as described in the amendments. Organic C comprises 91% of the total C in the unamended soil and 98%-100% of total C in amended soils (J.J. Miller, unpublished) .
Color of amendments
The Munsell hue, value, and chroma of the fineground (<150 μm or 100 mesh sieve) archived amendments (SM-ST, SM-WD, CM-ST, and CM-WD) were determined for 7 of the 16 yr using Munsell Soil Color Charts (Munsell Color Co., Ltd. 1954) , and all amendment colors were 10 YR hue. The color of the amendments was estimated outdoors in natural sunlight. The Munsell colors of the amendments (fine ground) are shown in Table 1 .
Color of surface soil
The Munsell colors of air-dried and fine-ground (<150 μm) surface (0-15 cm) soil samples were determined from soil samples taken in the fall of 2015 (after 17 yr of continuous applications) from archived samples, and soil colors were estimated in the laboratory. The Munsell colors of surface, in situ soil were determined in the field on 13 Apr. 2016 (after 17 yr of continuous applications and 1 yr of discontinued application). The surface soil was extremely dry, and field colors were designated as taken under dry conditions. All soil colors were 10 YR hue.
Statistical analyses
Soil bulk density was determined after 16 yr of continuous annual applications (2014). The ground elevation and total C in soil and color of soil were determined after 17 yr of continuous annual applications (2015) . The depth of Ah horizon was determined after 17 yr of continuous annual applications and 1 yr of discontinued application (2016). Because our focus was on long-term effects of these amendments on the soil, we assumed that the soil properties measured from 2014 to 2016 reflected the long-term signature of amendments on soil and not yearly variability.
A MIXED model analysis (Littell et al. 1998 ) was conducted on relative elevation, depth of Ah horizon, total C applied, total C in soil, soil bulk density, and Munsell value and chroma for unground and fineground soil samples using SAS (SAS Institute Inc. 2012) Note: Values are the means ± standard error. Within a column (and within each of four treatments, manure types, or bedding materials), means followed by a different lowercase letter differ significantly at the P ≤ 0.10 level. SM, stockpiled manure; CM, composted manure; ST, straw bedding; WD, wood chip bedding. All amendments were air-dried and fine ground (<150 μm).
a Means are the average of 7 yr (1998, 2001, 2003, 2005, 2007, and 2012) .
to determine the effect of main treatment factors (type, bedding, and rate) and their two-way and three-way interactions. In addition, a second and separate MIXED model analysis was also conducted on Ah depth and Munsell value and chroma to determine significant differences among all 14 treatments (including unamended CON and IN fertilizer treatments). Estimate statements in SAS were also used to compare the control and IN treatments to the amended treatments. The ESTIMATE statement provides a mechanism for obtaining custom hypothesis tests and the magnitude of the differences among various group means (SAS Institute Inc. 2012). For example, the ESTIMATE statement can be used to compare the CON vs. SM and CM treatments. Treatment effects were considered significant at P = 0.05 probability level, except for the amendments where a P = 0.10 level was used. Correlation was conducted using the CORR procedure and linear regression using REG procedure in SAS and models considered significant at P = 0.05.
Results
The total C applied for SM was 24% greater (P ≤ 0.05) than for CM (Table 2) , and 40% greater for WD than for ST. Mean total C applied was twofold to threefold greater with each increase in application rate. The total C in the soil was similar for CM and SM, and it was significantly greater for WD than ST by 17% and significantly greater (37%-69%) with each successive increase in application rate (Table 2) .
Manure type had no influence on soil bulk density (Table 1) . Bedding had a significant effect on bulk density in which mean values were 10% lower for WD than ST (Table 2) . Application rate significantly affected bulk density, where mean values decreased by 21%-25% with each greater application rate (Table 2) . There were strong, significant, and negative linear relationships between soil bulk density and total C applied (Fig. 1a) and total C in the soil (Fig. 1b) after 16 continuous applications.
Manure type and bedding had no significant effect on relative elevation (Table 1 ). In contrast, application rate had a significant effect on relative elevation, where mean values were 15-fold greater for 77 than 13 Mg ha
rates, but there were no significant differences between 13 and 39 Mg ha −1 , or between 39 and 77 Mg ha −1 . The maximum increase in relative elevation was 10.7 cm after 16 yr of annual application at 77 Mg ha −1 or an annual rate of elevation increase of 0.7 cm yr −1 .
There was a significant and strong correlation (r = 0.88, P = 0.0002) between relative elevation and the cumulative dry weight of manure applied over 16 yr with the three application rates (data not shown). There was a significant positive linear relationship between relative elevation and the cumulative amount of total C applied (Fig. 2a) . The rate of relative elevation increase was 0.028 cm Mg −1 C ha −1 . There was also a significant positive relationship between relative elevation and total C in the soil after 16 yr (Fig. 2b ) in which the rate of relative elevation increase was 0.17 cm g −1 C kg −1 .
There was also a significant negative relationship between relative elevation and soil bulk density (Fig. 2c ) in which the rate of relative elevation decrease was −15.9 cm per unit increase in bulk density. Manure type and bedding had no significant effect on depth of Ah horizon, but the application rate was significant with 20%-27% greater depth at 77 Mg ha −1 rate compared with 13 and 39 Mg ha −1 rates (Table 2 ). There was also a significant treatment effect on Ah depth when all 14 treatments were considered (Table 3 ). The Ah depth was 60%-78% greater for SM-ST-77 treatment compared with unamended CON and IN treatments. The estimate comparison in SAS also showed that the mean depth of Ah horizon was significantly greater for amended than unamended CON or IN treatments. There was a significant positive and quadratic relationship between Ah depth and relative elevation (Fig. 3) . Manure type, bedding, and application rate had no significant influence on the Munsell value and chroma of surface (0-15 cm) soil (dry) in the field (Table 2 ). The nonsignificant trends were for lower (darker) Munsell values for CM than SM, similar Munsell values for ST and WD, and lower (darker) Munsell value for 77 than 39 or 13 Mg ha −1 rates. The Munsell chromas for dry soil in the field were generally similar for CM and SM, WD and ST, and the three application rates. In contrast, the amendment treatments had more significant effects on the Munsell value and chroma of the surface soil for fine-ground (<150 μm), air-dried samples compared with field samples (Table 2 ). The Munsell value significantly decreased as application rate increased for fine-ground soil. The Munsell values were generally similar for the two manure types and bedding materials. Mean Munsell chromas significantly increased with application rate for fine-ground soil, being 0.4-0.6 units higher at 77 Mg ha −1 compared with the two lower rates. Although there was a significant manure type × bedding effect on the Munsell chroma for fine-ground soil, there were no significant differences among the four treatments using an least significant difference test (data not shown). Amendment treatment (all 14 treatments including unamended CON and IN treatment) had a significant effect on the Munsell value but not on the Munsell chroma of dry soil in the field (Table 3) . Mean Munsell values were significantly lowered (darker) for CM-WD-77 and SM-ST-77 treatments compared with IN treatment. The estimate comparisons showed that the Munsell values were significantly lowered (darker) for amended soils compared with unamended CON or IN treatments. Amendment treatment had no significant effect on the Munsell chroma for field soil, and mean chromas were similar to amended soils vs. unamended CON or IN treatments. Table 2 . Overall treatment effects of manure type, bedding, application rate, and their interactions on total C applied in amendments, total C in surface soil, bulk density of surface soil, relative ground elevation, and Munsell value and chroma (dry) of surface soil (field soil and fine-ground to <150 μm) after 16 (2014) Note: Values are the means ± standard error. Within a column, means followed by a different lowercase letter differ significantly at the P ≤ 0.05 level. CM, composted manure; SM, stockpiled manure; ST, straw bedding; WD, wood chip bedding; 13, 39, and 77 Mg ha −1 (dry wt.) application rates. a Relative ground elevation is elevation of amended plot for rep minus mean elevation of unamended control and inorganic fertilizer treatment for each replicate.
There was a significant amendment treatment effect on the Munsell value of fine-ground soil when all 14 treatments (including IN fertilizer and unamended control) were considered (Table 3) . Mean Munsell values were significantly lowered (darker) for CM-ST-77, CM-WD-39, CM-WD-77, SM-ST-77, SM-WD-39, and SM-WD-77 amended treatments compared with the lighter unamended CON. For example, CM-ST-77 and SM-WD-77 were 2.6 Munsell units lower (darker) compared with unamended CON. The estimate comparisons showed that the color values were significantly lower (darker) for amended soils compared with unamended CON or IN treatments for fine-ground samples. Although there was a significant treatment effect (P = 0.013) on the Munsell chroma using the Mixed model, there were no significant differences among the 14 treatments using the protected Tukey's test. The nonsignificant trend was for slightly lower Munsell chromas for unamended CON and IN treatments compared with amended treatments.
There was a significant negative linear relationship between the Munsell value (fine-ground soil) and cumulative total C applied, and the rate of Munsell value decrease was −0.0051 Munsell units Mg −1 C ha −1 (Fig. 4a ). There was a significant positive linear relationship between the Munsell chroma (fine-ground) and cumulative total C applied, and the rate of Munsell chroma increase was 0.0017 Munsell units Mg −1 C ha −1 (Fig. 4b) . There was also a significant negative linear relationship between the Munsell value (fine-ground) and total soil C, and the rate of Munsell value decrease was −0.030 Munsell units g −1 C kg −1 (Fig. 4c) . At the last, there was a significant positive and quadratic relationship between the Munsell chroma (fine-ground) and soil total C in which the rate of increase in the Munsell chroma was greater at higher C concentrations in the soil (Fig. 4d) . 
Discussion
The findings did not support our manure type hypothesis that relative elevation and depth of Ah horizon would be greater for SM than CM. The nonsignificant and reverse trend was for greater relative elevation for CM (6.3 cm) than SM (4.8 cm) and similar Ah depths (31.0 cm) for both manure types. The cumulative total C applied in the amendments was significantly greater for SM than CM by 24%, but the total C in surface soil and bulk density of soil were similar. Therefore, no manure type effect on relative elevation was likely due to similar total C in soil and soil bulk density of SM and CM. Decomposition of organic C in the soil may have been greater for SM than CM because of more labile C in the SM amendment. Decomposition of soil organic matter in long-term amended soils is dependent on the soil amendment type and history (Nett et al. 2012 ). In addition, masking of the manure type effect by dilution when amendments were incorporated and mixed into the soil may have also occurred.
The findings did not support our bedding hypothesis that relative elevation and Ah depth would be greater Note: Values are the means ± standard error. Within a column, means followed by a different lowercase letter differ significantly at the P ≤ 0.05 level. Munsell colors (dry) are shown as determined in the field on unground and dry soil, as well as for air-dried and fine-ground (<150 μm) soil as determined in the laboratory. The Munsell hue was 10 yr for all soils. Estimate comparisons between unamended CON or IN fertilizer treatment vs. stockpiled and composted manure are also shown. CM, composted manure; SM, stockpiled manure; ST, straw; WD, wood chips; 13, 39 and 77 Mg ha −1 (dry wt.); CON, unamended control; IN, inorganic.
a Statistical analysis for all 14 treatments and estimate comparisons was done on untransformed data. Untransformed means and standard errors are shown for the 14 treatments. Means by column followed by different lower case letters are significantly (P ≤ 0.05) different (Tukey's test). Estimate comparison values are significantly different at the 0.05 (*) probability level. Estimate values are negative when treatments 1 < treatments 2 and are positive when treatments 1 > treatments 2. Fig. 3 . Quadratic relationship between Ah horizon depth vs. relative elevation. *, significant at P ≤ 0.05. for WD than ST treatments as mean elevations were similar to ST and WD treatments. However, the nonsignificant trend was for slightly lower Ah depths for WD than ST treatments. The total C applied, total C in soil, and bulk density of soil were all significantly greater for WD than ST treatments and suggested a greater potential to increase relative elevation and Ah depth of WD than those of ST. It is possible that the higher bulk density and better bulking agent properties of raw WD than ST bedding (Alberta Agriculture and Rural Development 2005) may have offset on the effect of greater total C lowering the soil bulk density of WD. However, Larney et al. (2008) reported similar bulk densities of composted feedlot manure with ST and WD bedding, and the 1:4 (bedding:manure) ratio likely caused dilution of the bedding effect within the mixture of bedding and manure. It is possible that differences in physical, chemical, and biological properties of amendments may have influenced possible treatment effects on soil.
In addition, different rates of decomposition of soil organic matter may have also contributed to manure type and bedding effects on relative elevation and Ah depth. There may also have been a change in soil biology associated with long-term applications of these amendments. Sharifi et al. (2014) reported that decomposition of organic N (soil mineralizable N) in these soils after 8 yr was greater for SM than CM and for ST than WD treatments. The findings supported our application rate hypothesis that relative elevation and Ah depth would increase with greater rates. There were no significant differences in relative elevation between 13 and 39 Mg ha or an annual rate of 0.8 cm yr −1 . Therefore, our annual rate increase at lower application rates was very similar to that reported by the latter authors at adjacent research plots with considerably higher application rates. This also suggests that the long-term rate of relative elevation increase was similar with and without bedding. The depth of Ah horizon followed the same trend as with relative elevation, suggesting a strong linkage. This was clearly evident in the positive quadratic relationship between the Ah depth and relative elevation.
Long-term application of the amendments to our soil increased the total C in the soil and subsequently lowered the soil bulk density most likely by dilution with a lower density organic material and subsequently caused an increase in elevation and depth of Ah horizon. Changes in soil volume are proportional to surface elevation changes because volume change can only occur in the vertical direction (Fraser et al. 2010) . If the amendments had not been incorporated, then we would expect that physical deposition of amendments on the soil surface (i.e., accretion) rather than lowered soil bulk density would have been the main cause of an increase in relative elevation and Ah depth. The increase in relative elevation of 10.7 cm at 77 Mg ha −1 rate after 16 annual applications of feedlot manure has practical implications of hydrology. An increase in relative elevation of amended cropland compared with adjacent unamended cropland may result in greater runoff from amended cropland because of the higher topographic elevation. However, the potential increase in runoff may be offset by an increase in infiltration caused by increased organic matter content in the surface soil. Infiltration is expected to increase in amended soils because of increased porosity and improved soil structure caused by greater additions of organic matter to soil (Khaleel et al. 1981; Hill and James 1995) . However, the enhanced infiltration effect may be diminished by the water repellency of manure (Hill and James 1995; Pagliari et al. 2011) . Future research could test the hypothesis of whether an increase in ground elevation of amended soils increases surface runoff. The increase in relative elevation of our amended treatments also has implications for soil sampling by fixed depth, fixed mass, and elevation. Chang et al. (2007) found that the estimated increase in elevation after 32 yr annual applications of 180 Mg ha −1 yr −1 was about 24 cm. They compared the three sampling methods to estimate the change in soil C with the depth of 0-60 cm after 30 yr and found that fixed-depth and fixed-soil mass methods would underestimate the change in soil C storage, and that elevation-based method would give the most accurate estimate. Neither fixed-depth nor fixed-mass methods accounted for the gain in soil mass. Their soil would have to be sampled to 60, 66.9, and 84 cm depths for fixed-depth, fixed-mass, and elevation-based methods. Similarly, our amended soils would likely have to be sampled to greater depths for fixed-mass and elevation-based methods, depending on the C contents and bulk densities of the subsurface layers.
The bulk density and Ah depth were used to determine the mass of soil in a 1 m 2 area for each of the 12 amended treatments and unamended CON. The mass of soil in the Ah horizon ranged from 325 to 372 kg m Therefore, the mass of soil in the Ah horizon was lower for amended treatments at the two higher rates compared with the unamended CON. Chang et al. (2007) compared fixed depth, fixed mass, and elevation-based sampling methods in detail and concluded that the elevation-based sampling method was suitable for sites with appreciable changes in soil mass (e.g., amended soils) but not fixed depth or fixed mass methods. The significant increase in depth of Ah horizon caused by greater relative elevation also has practical implications as soil fertility and crop growth might be increased. Topsoil or Ah horizon depth is positively correlated with crop yield (Sudduh et al. 1996; Al-Kaisi 2001; Papiernik et al. 2005; Lee and Cruse 2015) . Crop roots and available nutrients are concentrated in this layer, and topsoil is critical for nutrient retention and water holding capacity.
The horizontal spatial variability within and between treatments was minimized by the RCB design of our experiment and use of replicates, by taking elevation readings at three locations in each treatment plot, and by calculating relative elevations for each amended plot using the unamended CON in only that replicate or block. The vertical spatial variability was minimized using Alberta Survey Control Markers that had constant elevations over time. However, horizontal and vertical spatial variabilities may still have contributed some uncertainty to our relative elevations, as well as to the other soil properties measured. Other possible sources of error contributing to uncertainty may have been using the unamended CON as a reference rather than comparing pre-and post-treatment elevations, tillage causing uneven ground surfaces, differences in slope within and between replicates, and measurement error. Further research is required to compare relative elevations determined during the post-treatment phase using unamended CON (as in our study) with relative elevations determined during pre-and post-treatment phases.
The findings for field soil and fine-ground soil samples supported our color hypothesis that the Munsell value would be lower (darker) for amended than unamended soils. The Munsell value is the definitive criteria for separating Chernozemic Great Groups, and the Munsell chroma is a suggested guideline (Soil Classification Working Group 1998). Using the CSSS soil classification system (field soil), the Munsell values of amended soil (except SM-WD-39) were generally <3.5 and were therefore classified as Black Chernozems. In contrast, the Munsell values of unamended CON soil, IN, SM-ST-13, and SM-WD-39 treatments (3.5-3.8) were generally between 3.5 and 4.5 and, therefore, classified as Dark Brown Chernozems. The Munsell chromas of unground soil for all 14 treatments ranged between 2.8 and 3.0 and were, therefore, classified as Dark Brown Chernozems (chromas usually >1.5). Therefore, longterm application of these feedlot amendments made the Munsell values lower or darker and shifted the Great Group classification from Dark Brown to Black Chernozem.
The findings did not support our manure type hypothesis that Munsell value and chroma would be lower for CM than SM with either field or fine-ground soil. There was a nonsignificant trend with slightly lower (by 0.2 units) Munsell value for CM than SM with field soil, and this trend was also consistent with slightly lower Munsell value for CM than SM amendment. The total C applied was significantly greater for SM than CM. However, the total C in the soil after 16 applications was similar for these treatments, likely due to different decomposition rates of organic carbon in soil when the different sources of manure were applied.
The findings did not support our bedding hypothesis that Munsell value and chroma would be lower for WD than ST with either field soil or fine-ground soil. This occurred even though total C applied and total C were significantly greater for WD than ST soil. The low ratio of bedding to manure (1:4, bedding:manure) and dilution effect were the likely cause of no bedding effect on soil color, and the amendment effect may have been masked by incorporation and mixing of the amendment in the soil.
There was no significant application rate effect on the Munsell value and chroma of field soil. However, Munsell value of fine-ground soil was significantly lower (darker) with each greater application rate, and this was consistent with progressively greater total C applied and total C in soil with the increasing rate. The Munsell chroma of fine-ground soil increased significantly with each greater application rate and was consistent with more manure making the soil less gray.
Our finding that Munsell value of fine-ground soil became lower or darker with the increasing application rate of feedlot manure has practical implications for soil thermal properties and crop growth. Increasing soil carbon will darken the soil color and decrease its albedo, potentially leading to higher soil temperatures in the spring (NRCS 2009). However, this may not always occur because soils with more organic matter hold more water which means that more energy is required to warm the soil profile. Higher soil temperatures in the spring may be beneficial for crop growth, mineralization of N and P, and nitrification (Havlin et al. 1999 ). The addition of organic amendments and darkening of surface soil would be expected to cause lower values of thermal conductivity and slightly higher values of specific heat (Hill and James 1995) . In addition, the higher water-holding capacity of amended soils may further increase specific heat. Gupta et al. (1977) reported that thermal conductivity of a sandy soil decreased with the increasing rates of sludge application, but the heat capacity of all ovendried sludge-soil mixtures was the same as that of the control treatment. They found that the combination of a lower thermal conductivity and a higher specific heat (due to higher water content) buffered sludge-amended soils against sudden temperature changes.
Conclusion
Greater rates of feedlot manure increased the relative elevation of amended soil surface, increased the depth of Ah horizon, and made the surface soil darker (fineground samples). In contrast, manure type and bedding had no effect. Increases in elevation and Ah depth may affect surface hydrology and runoff, soil sampling by depth vs. mass, change the soil profile and its classification, and have practical implications for soil fertility and crop growth. Future research could study the possible impact of increased elevations of amended soils on surface hydrology.
The finding of darker soil surface (fine-ground samples) with application of higher rates of amendments over the long term has practical implications for thermal properties, crop growth, and nutrient mineralization and nitrification. Fine-ground soil had stronger and more significant treatment effects on the Munsell value and chroma compared with field (unground) soil, and was attributed to the more homogeneous color of fine-ground soil. This suggests that studies on the influence of agricultural management practices on soil color may result in more significant treatment effects if the Munsell value and chroma are determined with more homogeneous and fineground soil.
Soil colors determined in this study using the Munsell Soil Color Charts are qualitative and subjective estimates and are prone to various errors (i.e., human observer, light, and moisture). However, we could still detect significant treatment effects on numeric data with a Munsell soil color Charts, particularly with fine-ground soil that had more homogeneous color. However, future research could measure the effect of long-term organic amendments on soil color using more quantitative methods such as digital colorimeters.
